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EXPERIMHONAL STUDY~ CP MAG=IC MTECT3

STEEL. UMEF XPIDSWlE :LOAfI)NG

k0SW~ACT

A Serie3 of expermelts have been performel. In order to study the

3nagnetic effects of pr'essur'e waves pzropagaterl Iz magetie~l steel j7odlss

'~icaJ. caoeA are shown~ loi- Gier'ent values of miagnetjjatjoa# kMe&.zue

~Ients of w'ave Velocity vere made "I~ & value of59~ OO9p_ =hn/ sec

cba~lnet, Correlatioa of pressure levals wizh at8.bIa tests was foM t9

'be poor#.



It is knowa tha.t pressure Vaves prop~agated inU m fnetizecl 11teel or

Iron cause mnagmetle changes In the material.s' This s !0t uIn uxpected

since stress is one of the major factors affecting the magnetic propeita

of all ferromagnetic materials. Changes in magnetization cue to the

application of static tension or compression have long been knQwn ana

measured. These changes are affected by several things vhiclz are

difficult to control, such as the previous magnetic and metallur i al

treatment of the material. Divergent data may be found for sinilar

materials due to just such differences5 so that in azy experimental 5stu

care must be taken to assure uniformity of the experimental materials.

The purpose of the experiments related in this report was to study the

changes in magnetic flux in steel rods which underwent explosiVe loading

ana to correlate them with the stresses produced by such loading.

EXPERIMENTAL PROCEDURE

The explosive used was 50/50 pentolite cast in 5" long cylinders

I" la diameter. These were placed against annealed 1030 carbon steel

cylinders of the same diameter and approximately 16" long. The steel

specimens were clamped in a soft iron yoke which had a coil wound on It

to provide an m. m. f. for magnetizing the specimen (Figure 1). This

gave a comparatively constant flux along the length of the specimen VhIch

could be varied from low values to saturation.

Other tests were made with a large solenoid. This made the steel

rods an open magnetic ircuit with attendant demagnetizing effects at the

ends and an appreciable lag in magnetization at rapid 
rates . 6

Search co is were placed around the specimen at various distance$

from the explosive-metal interface. These consisted of 5 turns of No. 22

Formex wire wound on Insulation tubing. The axial vidth of the coils

was approximately I mm. Flux density measurements were made uaing a.

Ceneral Electric Company fluxmeter ancl the coils were subsequently connected

to a number of oscilloscopes which vere triggered at reasurea time terv%.



The initial trigger was Pr~vIO by 4 pOI? Of latulated iWVea tioise4

together and placed at the exosive-etal Interface. These s?1orted a

the detonatio4 front pasaed and a Simpla electronic aircl lt atart*e a

i me dejay geaeratOil "'Widh in turn triggered the oscilloscope SWCpiIr

ctrattit8, Csacjllogreal Were taikenl oil Polaroid Lautera SJlIde Film oa

Vh ch timing marka were placed Previous to firinZ.

MSULTS

71gure 2 PLOws typCca osaillograns obtained In thts manner at 10.8

td 22.8 cim. cowa the rod frm the explosive and at cdfferent Initial flux

Zeaities. Fositive going signals are caused by a decrease in magnetic

fl=x. An inerease In the Initial magnetization of the specimen cautses an

increase In -ulse height which them decreases with a further increase In

the magnetizatio. When a critical value is reached (approximately 14

kilogauss) the signals reverse siga showing an increase of flux in the rod.

The behavior closely resembles what ij called the Villari Reversal. That

is, a depression of the magnetization curve of iron by pressure at low

Initial flux densities and an increase in magnetization at high flux den-

sities with a crossover at around the knee of the magnetization curve

(13 l4 kilogauss), hence the name Beversal. Figure ) shows the first

voltage peak plotted against initial flux density. In moat cases three

slimn pilses are obtained. Their time spacing Is approximately constant.,

being at a frequlency of about 200 kilocycles.

Figure 4 shows some osciflograms obtained using the large solenoid.

These shots were used to measure the velocity of the pressure wave in the

rods. This was found to be 5.936 - 0.092 imj/ see. which is close to the

velocity measured ultrasonically at 10 megacycles (5.96 mm/g see).

In order to correlate changes in magnetiZatiou and pressure levels In

the stee. that was used. static loading tests were performed ana pressure

Ver us change in magnetization reasured. This relationship Is essentially

linear for a given Initial :lux density and diameter of rod. Figure 5 sows

the results of these tests with a r" diameter rod. F:gure 6 s ho the

resUlts at given initial flu* and itfferent 4ameorg,

0



It can~ to Veen frOm 0h0 equation for electromagnetic ti~dtg~ it

the pressure should be pre ortional to the integral of the intantaneaus

voltage Induced In the zearo col it eddy currents and hysteresia loaa

are negleotedi thus:

e a -Nd. x I0" -vlts;

M a kAP

Mettlng t4 0 ad taking limits,

ME kp Rdt dt

then e -Nk LP x k 06
dt

where I a flux In Maxwells

t time In seconds

N number of turns on search coil

p pressure in psi

k coefficient of pressure in mawlls/pa.

Pressure profiles ere calculated by lntegratiou of the signals obtained

from the search coils. These values of pressare turn out to be extremely low

at d1stances 1o.8 cm & 2.8 cm down the rod, reaching a aximum of only 5-6

thousand psi, as compared to values of pressure obtained by in 3neasuremeats

at the same points. Pin measurements indicate pressures almost 10 times the

magnitude of those calculated from zagneti effeets. It ir interesting to

note that the magnetic measurements axe conaistent within themselves sInces,

at different initial flux densities the yressUrea deduced are aroIma.3ry

7



U8 saw ?1guM 7 eiows the owvos obtained with 1!ie Ea8eiJkog?8t ot
Plaure 2. i'lawe 5 nftwa the retaa ft=j two W~ra diame~ter rods,
It 8!iouldc be Iolsd out thiat the Cetv1s of' tbe ca1lmi1ted Isazuft-tixaa

axp1anat4on oft thIS behavior' can be e1ven* T'he rresems obteue by the
MAt, Me w IlxMet~zod ar'e Probabl~y tiost seriously &M.0ted by OWd Ceuleat
1oaas 1l, the ateal, magetIc vlacosity effcts, and to a lesser degre-.

by l~istreal effectse

RQBM B. FMM" *?7
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